Almost every construction investment should contain elements of risk forecasting, whose validity depends, among other things, on the correct assessment of potential threats. These risks were defined by the Authors as risk factors that were characterized and then grouped on the basis of performed research in the scope of their identification. Due to lack of method of scheduling railway investments on the construction market, including risk assessment, a research effort was undertaken [14] [15] [16] [17] , the result of which is the proposed method. The article presents the main assumptions of the original method of rail investment planning, which on the one hand, will take into account the impact of potential threats identified previously by the Authors, and, on the other, will allow project managers to refer to the conditions in which the implementation of a specific facility is planned.
for example in financial risk management, military risk management or construction risk management, and even in information risk management.
The PRINCE 2 method is a less popular one. The idea of the method is based on quality management. In its initial phase, key elements such as: product, service and production process, should be defined. The method is based on meticulous documentation. It fulfils a control function based on a series of checkpoints and increases the probability that no factor that affects the implementation of the undertaking will be neglected. Tasks, whose results do not meet the quality requirements or other evaluation criteria, must be performed again. The documentation prepared on an ongoing basis ensures that the requirements are met [9] .
There are also other classic methods of planning the execution of construction works, which do not take into account or take into account to a small extent risk elements, for instance: CPM (Critical Path Method) network planning method, which is deterministic, PERT method (Program Evaluation and Review Technique) introducing element of time randomness execution of tasks, the GERT (Graphical Evaluation and Review Technique) method and the GERTS (Graphical Evaluation and Review Technique Simulation) method, which uses, among other things, random number generators, or the CYCLONE (Cyclic Operations Network) method [18] .
Nevertheless, traditional methods are largely based on the experience and intuition of the people who use them. According to the Authors, in a situation when building objects are becoming more and more complex and investors' requirements as to the quality, time and cost of their implementation are constantly growing, this approach may lose its importance in the near future.
During risk management, the most desirable are those methods that base their methodologies on reliable bases of already recognized risk factors including the specificity of planned works.
Since a search for a relatively simple, practically applicable construction risk management methods, is still ongoing, the Authors present the most important assumptions of the original method of scheduling railway investments. It takes into account the impact of potential, identified and previously classified threats, and then grouped on the basis of previous research [14] [15] [16] [17] . The set of identified risk factors is presented in chapter 2.
The science of risk is relatively new, and the terms applied are not always explicit, thus the Authors indicate the definitions of the basic concepts that they use in this article.
x risk -the possibility of occurring through our actions, abandonment or forces of nature predictable at a given time, negative consequences of an undesirable random event, the effect and probability of which we are able to estimate,
x adverse event -is a measurable form of one or several risk factors, resulting in failure to achieve fully or not at all the intended purpose, and thus causing some loss,
x risk factor (threat) -a potential source of an adverse event that may or may not occur in the future.
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The presented method of risk assessment of railway investments is an original proposition. The basic assumption was to develop a method that is as effective and as simple as possible, the implementation of which, during the implementation of large railway undertakings will not require the collection of too many data and advanced calculations. Using the proposed method, the impact of identified risk factors on the implementation of a railway project can be assessed from the point of view of both Investors and Contractors. The risk assessment concerns the formulas for the "Design and Build" and "Build" contracts. The general assumption of the method is based on the correlation of risks previously identified by the Authors in the scale of the country during the implementation of railway investments with the specificity and conditions for the implementation of newly planned investments.
The ideological model of the method presents successive calculation steps assigned to the two main blocks. (Figure 1 ). The first of them is a constant block that cannot be changed during its implementation. It contains the key identified risk factors and their initial quantitative assessment.
The second block is variable and the risk assessments adopted in it largely depend on the decisions of the personnel creating the schedule. In the proposed method, the main reasons for the quantitative assessment of parameters in this block is a detailed analysis of the contract documentation, the identification of the conditions under which the planned investment will be implemented and a realistic assessment of potential risk factors carried out by the implementation team.
Finally, the team performs a comprehensive assessment of the impact of each risk factor identified by the Authors of the method on the contract and their correlation with individual tasks included in the structure of the WBS schedule. It is assumed that the allocated risks will affect directly the time and / or cost of the actual schedule tasks, and through the tasks of a total WBS structure on the entire schedule. This way of identifying the impact of individual risk factors on subsequent tasks requires a certain amount of work by the planning team, but it is necessary if trying to take into account the real risk of the planned investment. At the design stage the following risk factors were identified:
x Procedural defects in preparation of tender documents,
x Improperly estimated deadline for the development of project documentation by the Commissioning party,
x Too many external institutions involved in the investment process,
x The necessity to make exceptions to the guidelines from the tender stage,
x Errors in the conceptual design documentation from the tender stage,
x Problems with obtaining current maps for project purposes from rail geodesic centers,
x Problems with reconciliation of project documentation with external Stakeholders,
x Problems with reconciliation of project documentation with internal companies from the PKP ((Polish Investor) group,
x Problems with reconciliation of project documentation with the owners of technical infrastructure on the premises of PKP PLK (Polish Investor),
x Long-term procedures for agreeing project documentation within PKP PLK (Polish Investor),
x Problems with the acceptance of project documentation by the Contract Engineer,
x Commissioning Party don't have a set of legal documents regarding the area planned for the investment within the deadline,
x Obtaining the decision on building permits delayed due to the fault of the Commissioning
Party,
x The decision on building permits delayed due to the Designer's fault?,
x The decision on building permits delayed due to the fault of the external unit, e.g. additional agreements.
At the build stage the following factors were identified:
x Errors in the preparation of tender documents (SIWZ, OPZ, PFU),
x Improperly estimated time of completion of the investment by the Employer,
x Terms of the contract not adapted to the contract specificity (FIDIC Red, FIDIC Yellow, others),
x Badly estimated investment costs by the Contractor (financial problems of the Contractor),
x Difficulties in the preparation, in terms of formal, legal and technical areas for investment,
x Internal regulations of PKP PLK SA not coordinated with the provisions of contracts,
x Errors in project documentation,
x Problems with the supply of materials and other resources,
x Awarding shorter track closures to the contractor,
x Problems with outdated geodetic materials (numerous collisions with non-inventory of underground infrastructure).
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The next stage of the proposed method was to determine the quantitative assessment of individual risk factors. This was done on the basis of statistical analysis of the obtained research results and adopted assumptions. Presented below are the most important calculation formulas used.
First, the data was normalized. Individual normalized values were successively aggregated.
x The value standardised impact of the of each risk factor was calculated according to the following formula:
-Design stage -a consequence of the influence of the i-th risk factor on the implementation of the undertaking made by the team implementing the given project, for Design or Build stage;
affecting the investment cost [%]
x Weight assessment of the risk factor: In order to facilitate the implementation of the necessary calculations, the Authors developed a special calculation sheet in Excel, which on the basis of user-defined data calculates the percentage index of weighting of individual risk factors, and new durations and / or costs of individual work stages. The obtained results are strictly dependent on the defined threats and the assessment of their occurrence and effects on the analysed project. A detailed description of the tool will be presented by the Authors in subsequent publications.
RISK REDUCING STRATEGY
The proposed method does not include risk reducing strategies. The Authors leave these issues to the project managers. The Authors do not impose any restrictions on the implementation of risk reducing strategies for a given project, but only indicate that the project manager at the planning stage according to the proposed method can accept certain risk factors, or return to their assessment.
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After identification and quantification of risk factors, they are correlated with specific operations in the process of implementing a construction project. Therefore, it is necessary to find answers which of the risk factors affect individual real tasks 3 included in the schedule and its WBS structure (Table   1 , Fig. 2) . The assumption was made that risk factors will be directly correlated with actual rather than aggregate tasks. Such a solution will allow for a more accurate recognition of the impact of identified risk factors on the course of work on the planned object. Further calculations are presented on the example of task time, however the cost calculation is analogous. Table 1 . Correlation of real tasks of the summary task X with risk factors. Own study based on the source [9] . As presented in table 2 (an example of the Design stage), e.g. task X with an example number Id = 2.1 (e.g. Implementation of railway works Railway Station No. 1 -phase I, phase II) contains actual tasks A to G. As a sum task it is not quantitatively correlated with individual risk factors (as related to tasks A to G).
Risk factors
It was indicated only by the designation of "x", which risk factors occur during the performance of all actual tasks included in its composition. The result of the quantitative correlation in the form of weight-related risk weighting indices assigned to real activities is the result of a detailed query of the contract documentation performed by the implementation team and the conditions under which the planned investment will be implemented.
These activities must be performed with great care and accuracy, as they have a significant impact on the final result of the risk analysis.
Then, for each real activity, the most probable date of completing the task with regard to risk factors is calculated. We make the calculation according to the following formula (for Design stage).
(2.25)
where:
the original duration of the j-th task, the most probable duration of j-th task including risk factors. As a consequence of the above activities, project teams will receive modified durations of all actual tasks, which, when applied to the baseline, form an updated version of the schedule taking into account the risk (Figure 2 ). From the schedule prepared in this way, it will be very easy to read the calculated values of deviations from the basic, original implementation dates, both for individual real tasks, summary tasks or assumed milestones. 
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Each construction project is different from the previous ones, and the risks that may occur during their implementation are difficult to predict. Therefore, new methods of assessing and quantifying risk are still being sought. This also applies to railway investments, which are usually implemented in very difficult conditions, with numerous technical, technological and organizational limitations.
Current computer programs that support risk analysis are complex, expensive and require data that are often difficult to access or unreliable. The primary goal of the Authors was to develop a method that will allow the possible identified threats to be transferred to the schedule of the planned railway project and its WBS structure. It was assumed that despite the necessary simplifications, the method, relatively easy to implement, based on the list of previously identified threats and their quantitative assessment, supported by an appropriate computational program, will encourage teams planning implementation of railway investments for its implementation and will contribute to increasing the reliability of planned deadlines and costs. An additional advantage of the proposed method is the fact that it can be used by both the investor and contractors, at various stages of the works' progress and with its help it is relatively easy to develop emergency management plans for each railway project.
